INTRODUCTION
Mangabeira (Hancornia speciosa Gomes) belongs to the Apocynaceae family and is a native fruit plant of Brazil that grows spontaneously in the Central West, North, Northeast, and Southeast regions. Mangabeira's fruit is valued because of its excellent organoleptic characteristics and its high nutritional content; notably, it has higher protein content than most fruits (LEDERMAN et al. 2000) .
Large-scale processing of mangabeira is not performed because the volume of fruit currently available could not meet market demands. Therefore, capturing new markets, mainly in the South and the Southeast, relies on the establishment of commercial orchards because current production depends on extractivism (LEDERMAN et al. 2000) . Commercial exploitation is closely related to successful seedling production; therefore, it is necessary to obtain healthy seedlings that can be planted in orchards. The growth of healthy seedlings will ensure the health of the plant in the field (ROSA et al. 2005) .
Several studies have shown that nutrients can interfere with the development of mangabeira seedlings if not given in appropriate amounts (VIÉGAS et al. 2008) . Therefore, it is necessary to establish the correct dosage of each nutrient to maximize seedling development and make their production economically viable. Understanding the nutritional needs of the plant, beginning with the seedling phase, will allow the correct dosages of nutrients to be established for the optimal growth of mangabeira plants ( AUGOSTINHO et al. 2008) .
Therefore, the objectives of this study were the characterization of the visual symptoms of macronutrient deficiencies and the evaluation of the effects of the deficiency on the growth, production of dry matter mass, and leaf content of mangabeira.
MATERIALS AND METHODS
The experiment was conducted in a greenhouse at the Plant Tissue Culture Laboratory of the IF Goiano -Rio Verde Campus between January and June of 2011.
Mangabeira fruit was collected at the Gameleira farm in the city of Montes Claros in the state of Goiás at the geographic coordinates 16° 06' 20'' S -51° 17' 11" W and an altitude of 592 m. Fruit harvest occurred in October and November 2010 under extractive mode, and the fruits were collected at the following geographical coordinates: 16°08'010'' S -51°18'169'' W and 16°08'070 ''S -51°18'179'' W, which correspond to an area of strictly Cerrado vegetation (Brazilian savanna) that has a local climate classification of AW, according to Köppen and Geiger (1928) , with two distinct seasons: dry winter and rainy summer. The seeds were manually extracted from the mangabeira fruit, placed in a sieve to facilitate the removal of the pulp, and washed with running water. The collected seeds were subsequently sown in polystyrene trays, with each containing 72 cells filled with a 1:1 mixture of vermiculite and carbonized rice hulls. Thirty days after sowing, seedlings with 3-4 complete leaves were transferred to 8-L containers containing ½-strength Hoagland's solution (HOAGLAND; ARNON, 1950) for 30 days. The plants were grown in complete ½-strength Hoagland's solution from which an individual macronutrient (nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg), or sulfur (S)) had been omitted. The plants were arranged in 28 parcels; each experimental parcel consisted of an 8-L container of nutrient solution with two plants.
The mangabeira plants were grown under an average irradiance of 200 µmol m 2 s -1 , and the nutrient solution was continuously aerated with compressed air. If necessary, the pH was adjusted to 5.5 ± 0.5 daily by the addition of either HCl or NaOH, and the nutrient solution was exchanged when the initial value of electrical conductivity had declined by 30%. Evaluations of the visual symptoms of the nutritional deficiencies, which were described and photographed, were performed daily.
Evaluations of plant growth began 30 days after transplanting (DAT) the seedlings to the nutrientdeficient solutions. The stem length and diameter, the number of leaves, and the length of the largest root were measured; this procedure was repeated every 15 days as the symptoms of the deficiencies intensified until the plants were harvested. The plants were taken to the laboratory, where the leaf, stalk, and root were separated. To measure the dry matter mass of these organs, they were weighed and placed in an incubator set at 65°C until a constant mass was achieved. After drying, the leaves were ground in a Wiley-type mill equipped with a 20-mesh sieve and were taken to the leaf analysis laboratory of the Federal University of Lavras (Universidade Federal de Lavras -UFLA) to determine the quantities of macronutrients (N, P, K, Ca, Mg and S) according to the method of Malavolta et al. (1997) .
The ratio of the mass of the aerial parts to the mass of the roots (AP/R) was calculated by dividing the sum of the masses of the stalk and leaf dry matter by the mass of the dry matter of the root. The relative growth (RG) of the plant corresponded to the ratio of the total mass of the dry matter of the plants grown in a given nutrient-deficient solution to the total mass of the dry matter of plants grown in the complete nutrient solution multiplied by 100.
The plants grown in the different nutrientdeficient solutions were arranged in a randomized block, and 4 replicates of each growth condition were performed. The data were subjected to an analysis of variance (ANOVA), and the means were compared by Tukey's test (p<0.05), with the exception of stem length, stem diameter, root length and the number of leaves, the data for which are presented as descriptive images. It was necessary to transform the data obtained for the dry mass of the stalk, the dry mass of the root, the dry mass of the leaves, the total dry mass, the RG, and the AP/R with an x+1 base to obtain a normal distribution and homogeneity of variances.
RESULTS AND DISCUSSION

Visual symptoms of nutritional deficiency
The visual symptoms of N deficiency began at 60 DAT. The greenest leaves gradually lost their dark green tone and became a pale green color, which was generally distributed throughout the leaf. Chlorosis occurred followed by necrosis and a reduction in the stalk's length ( Figure 1 ). N is a mobile nutrient; therefore, when there is an insufficient supply, plant growth is slowed, and N is translocated from the older organs to the newer ones (MARSCHNER, 1995) . The omission of N from the nutrient solution decreased the amount of chlorophyll in the plants (MALAVOLTA, 2006) , resulting in the characteristic symptom of generalized chlorosis causing a general yellowing of the leaves. Similar results were observed in seedlings of soursop (Annona muricata L.) (BATISTA et al. 2003) , teak (Tectona grandis L.f.) (BARROSO et al. 2005) , and "Imperial" pineapple (Ananas comosus L.) (RAMOS et al. 2009 ) all of which had also evaluated nutrient deficiencies in greenhouses.
When plants were grown in the absence of P, the symptoms were initially observed at 46 DAT. Chlorosis of the greenest leaves, which evolved into a purple color, a reduction in the stalk length, a lower number of leaves, and long, light-colored roots, were observed ( Figure 1 ). Plants with a P deficiency experienced decreased growth because such processes as the syntheses of proteins and nucleic acids are affected (MALAVOLTA, 2006; ALVES et al. 2008 ). The symptoms of P deficiency in soursop also began in the lower leaves and later reached the medial and upper leaves (BATISTA et al. 2003) .
The symptoms of K deficiency began at 43
DAT with the appearance of chlorosis and a small amount of red coloration at the leaf edges, which evolved into necrosis that reached the apices, the edges, and between the midribs of the leaves. As the symptoms of the deficiency progressed, large necrotic spots were displayed on the surfaces of the leaves and the roots became dark in color ( Figure 1 ). In plants with a K deficiency, the soluble N compounds, including the amines and putrescine, often accumulate; the accumulation of the latter compound is probably responsible for the necrotic spots (MALAVOLTA, 2006) . According to Malézieux and Bartholomew (2003) , in the preliminary stages of K deficiency, the leaves of pineapple are dark green and narrow; however, if the deficiency is prolonged, the leaves become yellow. The omission of Ca from the nutrient solution triggered the appearance of visual symptoms at 40 DAT. The edges of the youngest leaves wilted, and with the progression of the deficiency, necrosis, the death of shoots, and wilting of the entire leaf occurred (Figure 1 ). Plants require Ca in large quantities because it is one of the main components of the cell wall, where it is responsible for linking pectin molecules (WHITE; BROADLEY, 2009). A lack of Ca is characterized by a reduction in the growth of meristematic tissues, initially observed in the growth extremities and the youngest leaves (TAIZ; ZEIGER, 2004; ALVES et al. 2008) . Batista et al. (2003) obtained similar results in Ca-deficient soursop, observing premature falling of the leaves and a halt in apical development. However, Ramos et al. (2009) did not observe the appearance of symptoms of Ca deficiency in "Imperial" pineapple.
The first visual symptom of Mg deficiency, interveinal chlorosis in the oldest leaves, was noticed at 35 DAT ( Figure 1 ). As the symptoms worsened, early abscission of the leaves occurred. Additionally, a reduction in the lengths of the stalks and roots, which were still dark in color, was observed. Batista et al. (2003) had similar findings in Ca-deficient soursop. Because Mg is a component of the chlorophyll molecule, its deficiency reduces photosynthesis and plant growth (MALÉZIEUX; BARTHOLOMEW, 2003) . In conditions of limited Mg, Mg is easily distributed from the oldest organs of the plant to the newest ones because it is mobile. Therefore, the appearance of the visual symptoms of Mg deficiency appears in the oldest (greenest) leaves (MALAVOLTA, 2006) . S-deficient mangabeira plants began to show visual symptoms at 35 DAT. Chlorosis of the youngest leaves, which evolved into necrosis (Figure 1) , a reduction in the length of the stalk, CHARACTERIZATION OF THE EFFECTS OF MACRONUTRIENT... and underdeveloped roots with dark coloring, were observed. Batista et al. (2003) observed similar symptoms in soursop plants that were deficient in S. However, Ramos et al. (2009) did not observe any symptoms of S deficiency in "Imperial" pineapple. S is not notably mobile in the plant; therefore, the symptoms of its deficiency first appear in the youngest leaves (MALAVOLTA, 2006) .
Plant growth
The lengths of the stalks were reduced in mangabeira plants that were grown in the nutrientdeficient solutions compared with the stalks of plants grown in the complete nutrient solution. Throughout the production cycle of mangabeira seedlings, a lack of Mg limited stalk growth the most; stalks of Mgdeficient mangabeira plants were 5.77 cm after 120 days, whereas plants grown in the complete nutrient solution had stalks that were 15.26 cm (Figure 2 ). The omission of Mg also limited the growth of Brazil plum (Spondias tuberosa) seedlings (GONÇALVES et al. 2006 ). However, Batista et al. (2003) observed that N was the macronutrient that most limited the height of soursop seedlings. Mg has a specific role in the activation of enzymes involved in the processes of respiration, photosynthesis, and DNA and RNA synthesis (TAIZ; ZEIGER, 2004) .
Macronutrient deficiencies negatively affected plant growth, reducing the length of the stalk during the production cycle of mangabeira in the order Mg>Ca>K>P>N>S.
Cultivation in solutions from which macronutrients were omitted limited the growth of the stalk diameter of mangabeira plants compared with plants grown in the complete nutrient solution (Figure 3) . Silva et al. (2005) found similar results in Brazil plum seedlings. N was the only nutrient that limited the growth of the stalk diameter of cricketvine (Arrabidaea chica (H. & B.) Verlot); the stalk diameter was reduced 24% compared with cricketvine that had been grown in the complete nutrient solution (SILVA JÚNIOR et al. 2007 ). The development of the stalk diameter of soursop was most affected by deficiencies in N, Ca, and P, the omission of which resulted in stalk diameters of 5.90 mm, 7.07 mm, and 8.20 mm, respectively, compared with soursop that had been grown in the complete nutrient solution, which had a stalk diameter of 20.85 mm (BATISTA et al. 2003) .
The macronutrient deficiencies in mangabeira seedlings negatively affected the growth of the diameter of the stalk in the following order: Ca>P>K>Mg>N>S.
With the exception of the S-deficient nutrient solution, the omission of each of the other macronutrients limited the growth of the mangabeira root compared with the complete nutrient solution ( Figure 6 ). When S was omitted from the solution, the roots were longer than the roots of plants receiving the complete nutrient solution; for plants grown without S, the roots were 19.25 cm long, whereas the roots of plants grown in the complete nutrient solution were 19 cm long. For mangabeira seedlings, the omission of Mg most strongly limited the development of roots compared with seedlings receiving the complete nutrient solution. This phenomenon most likely occurred as a result of the composition of the salts used in the mineral solutions. In addition to being a cofactor for almost all of the enzymes involved in energy metabolism and an integral part of the chlorophyll molecule, Mg is required for the integrity of ribosomes and effectively contributes to the structural stability of nucleic acids and membranes (TAIZ; ZEIGER, 2004).
The deficiency of macronutrients in mangabeira seedlings negatively affected the growth of the roots in the following order: Mg>N>Ca>P>K>S.
With the exception of a deficiency in S, deficiencies of all of the other macronutrients limited the number of mangabeira leaves compared with the plants grown in the complete nutrient solution (Figure 4) .
The mangabeira plants lacking Mg had the fewest leaves. Plants growing without Mg had 3 leaves by 120 days, whereas plants growing in the complete nutrient solution had 14 leaves after the same number of days. The reduction in the number of leaves was 78.57% when Mg was omitted from the nutrient solution. The availability of Mg for the plants imposes limitations on photosynthesis it is essential for chloroplast function and is the main element in chlorophyll (TAIZ; ZEIGER, 2004; HERMANS; VERBRUGGEN, 2005) . Viégas et al. (2008) found that a lack of N most limited the number of leaves for assai (Euterpe oleracea) seedlings, reducing the number by 50% compared with plants grown in a complete nutrient solution. The deficiency of macronutrients in mangabeira seedlings negatively affected the number of leaves in the following order: Mg>P>K>N>Ca>S.
Production of dry matter
The dry matter of the stalks and roots and the AP/R were not influenced by deficiencies in any of the macronutrients (Table 1) .
The omission of Mg from the nutrient solution limited the dry matter masses of the leaves the most compared with the leaves of plants grown in the complete nutrient solution. There was a reduction by 78.43% in the dry mass of the leaves in Mgdeficient mangabeira plants compared with the plants grown in the complete nutrient solution (Table 1) . Mg participates in the organization of the thylakoid membranes and in grana stacking it also acts as a cofactor and activator of enzymes involved in the fixation of CO 2 and is involved in the transference of energy through adenosine triphosphate and in pH control (HERMANS; VERBRUGGEN, 2005) . Mg deficiency causes a reduction in photochemical reactions and in the fixation of CO 2 (TAIZ; ZEIGER, 2004; HERMANS; VERBRUGGEN, 2005) . Viégas et al. (2008) found that a deficiency of N was the most limiting for the production of the dry mass of leaves in assai palm seedlings.
The mass of the total dry matter was influenced by Mg deficiency (Table 1) . A lack of this nutrient reduced the total dry mass of the mangabeira plants by 77.55% compared with plants grown in the complete nutrient solution. Similar results were obtained for teak seedlings (BARROSO et al. 2005 ) and horseradish tree seedlings (Moringa oleifera Lam.) (VIEIRA et al. 2008 ) that were subjected to an Mg deficiency. In soursop, a deficiency of N affected the production of the total dry matter the most (BATISTA et al. 2003) .
The RG of mangabeira was influenced by the elimination of macronutrients from the nutrient solution (Table 1 ). The omission of Mg caused a reduction in RG; the average value of RG was 25.13, which represented a reduction of 74.87% compared with plants grown in the complete nutrient solution. Viégas et al. (2004) found that the RG of the camucamu plant (Myrciaria dubia (H. B. K.) McVaugh) was influenced by N deficiency; the dry matter was reduced by 84%. Several authors have reported favorable results in the growth of fruit species, such as soursop or sweet passion fruit (Passiflora alata Dryand), in response to the addition of nutrients (BATISTA et al. 2003; FREITAS et al. 2006 ).
Leaf macronutrient content
The leaf macronutrient contents of mangabeira seedlings grown in both the complete nutrient solution and nutrient-deficient solutions are shown in Table 2 . It was found that the contents of the macronutrients in the leaves of plants grown in the complete nutrient solution were the following: 10.0 mg plant -1 of N, 2.10 mg plant -1 of P, 7.0 mg plant -1 of K, 1.0 mg plant -1 of Mg, 4.0 mg plant -1 of Ca, and 1.3 mg plant -1 of S. The leaf macronutrient contents of the seedlings grown in their respective nutrientdeficient solutions were 7.00 mg plant -1 of N, 0.10 mg plant -1 of P, 4.0 mg plant -1 of K, 4.0 mg plant -1 of Mg, 5.0 mg plant -1 of Ca, and 0.6 mg plant -1 of S. The leaf macronutrient content of mangabeira plants grown in the complete nutrient solution followed the order N>K>Ca>P>S>Mg, indicating that N is the macronutrient that accumulates the most in mangabeira leaves. Deficiency of any one nutrient may cause an imbalance in the other nutrients and may consequently lead to morphological changes, resulting in the characteristic symptoms of deficiency for each nutrient (MALAVOLTA, 2006) .
The omission of N resulted in an elevated N content in the leaves; however, this amount did not differ from the values found in the leaves of the plants that received the complete nutrient solution. The lowest contents of N were found in the plants grown without Mg, corresponding to a reduction of 82% compared with plants that were grown in the complete nutrient solution. A lack of K, Ca, or S resulted in a greater accumulation of N in the leaves. Malavolta (2006) reported that a deficiency of K leads to disturbances in the metabolism of N, resulting in plants with greater quantities of free amino acids and their amides. As with K deficiency, a deficiency of S leads to a reduction in the synthesis of proteins and in the contents of chlorophyll and inorganic sulfate (MARRENCO; LOPES, 2005) .
The plants that received the P-deficient nutrient solution displayed the lowest contents of P in the leaves compared with all of the other nutrients. The greatest accumulation of P occurred in the leaves of plants grown in the complete nutrient solution and in the S-deficient and Ca-deficient solutions.
The deficiencies of P affected the behavior of Ca because the addition of P to the medium favors the accumulation of Ca in the leaves (MALAVOLTA, 2006) . Therefore, the lack of P may have reduced the absorption of Ca by the plants. According to Malavolta (2006) , the absorption of Ca may be decreased when high amounts of K, Mg, and NH 4 + are present in the medium. Therefore, the lack of K in the nutrient solution favors the accumulation of Ca by the plants.
The mangabeira plants grown without Mg displayed the lowest K contents in their leaves, exhibiting a reduction of 85.72% compared with plants grown in the complete nutrient solution.
Seedlings grown in the absence of S displayed a greater accumulation of Ca in the leaves. The increased contents of Ca and Mg observed in the mangabeira leaves of plants grown in the S-deficient nutrient solution may have been observed because the N in the S-deficient solution was in the form of NO 3 -. Taiz and Zeiger (2004) reported that the rate of Mg absorption is negatively affected by NH 4 + . CHARACTERIZATION OF THE EFFECTS OF MACRONUTRIENT... Means followed by the same letter in the column do not statistically differ according to Tukey's test (p<0.05).
3 Coefficients of variation obtained after the data were transformed with an x+1 base. Means followed by the same letter in the column do not statistically differ according to Tukey's test (p<0.05).
3 Coefficients of variation obtained after the data were transformed with an x+1 base.
CONCLUSIONS
1-The omission of N, P, K, Ca, Mg, and S from the nutrient solution resulted in morphological especially changes in the stem length and number of leaves in the mangabeira plants, which produced the characteristic symptoms of each nutritional deficiency.
2-The lack of macronutrients resulted in a decrease in growth and in the production of dry matter in mangabeira compared with plants grown in the complete nutrient solution.
3-The RG values showed that the omission of macronutrients compromised the growth of the mangabeira plants.
4-The accumulation of macronutrients in the leaves of mangabeira plants displayed the order N>K>Ca>P>S>Mg.
